Recently, heart rate variability (HRV) analysis has been used as an indicator of epileptic seizures. As women have a lower sudden, unexpected death in epilepsy risk and greater longevity than men, the authors postulated that there are significant gender-related differences in heart rate dynamics of epileptic patients. The authors analyzed HRV during 5-minute segments of continuous electrocardiogram recording of age-matched populations. The middle-aged epileptic patients included males (n = 12) and females (n = 12), ranging from 41 to 65 years of age. Relatively high-(0.15 Hz-0.40 Hz) and low-frequency (0.01 Hz-0.15 Hz) components of HRV were computed using spectral analysis. Poincaré parameters of each heart rate time series were considered as nonlinear features. The mean heart rate markedly differed between gender groups including both right-and left-sided seizures. High-frequency heart rate power and the low-frequency/high-frequency ratio increased in the pre-ictal phase of both male and female groups (p < .01), but men showed more increase especially in right-sided seizures. The standard deviation ratio, SD2/SD1, of pre-ictal phase was greater in males than females (p < .01). High-frequency spectral power and parasympathetic activity were higher in the female group with both right-and left-sided seizures. Men showed a sudden increase in sympathetic activity in the preictal phase, which might increase the risk of cardiovascular disease in comparison to women. These complementary findings indicate the need to account for gender, as well as localization in HRV analysis.
Introduction
Studies of heart rate variability (HRV) confirm that this signal is an appealing noninvasive and quantitative research tool in cardiology to investigate autonomic effects on the heart. HRV refers to the compound beat-to-beat variation in heart rate (HR), produced by the interaction of sympathetic and parasympathetic activity at the sinus node of the heart (Levy, 1990; Stein, Bosner, Kleiger, & Conger, 1994) . HRV expresses variations of instantaneous HR and R-R intervals (RR). The use of this technique in describing the physiological response in normal subjects, as well as for the case of patients with various cardiovascular disorders, has been studied extensively. Previous research has shown that decreased fluctuation of RR should not be confused with noise. It implicates an increased risk of arrhythmic events and mortality rate in patients with myocardial infarction (Bigger et al., 1992) .
Power spectral analysis of interbeat interval time series can distinguish among the intrinsic sources of HRV as these rhythms occur at different frequencies. Typically, the power spectrum of HRV as a time series contains two major components. A relative power in high frequency (HF; 0.15 Hz-0.40 Hz) has been used to reflecting the cardiac vagal tone. Low frequency (LF; 0.01 Hz-0.15 Hz) indicates the inputs from both branches of autonomic nervous system and reflects the mixture of vagal and sympathetic influences (Malliani, Pagani, Lombardi, & Cerutti, 1991; Parati, Saul, Di Rienzo, & Mancia, 1995) . The ratio of the LF to HF components represents a measure of sympathovagal balance (Pagani & Malliani, 2000) .
The nonlinear analysis of HRV, in addition to the time-and frequency-domain analyses, has been suggested to provide more valuable information as to the physiological interpretation of HR fluctuation and risk assessments (Task Force of the European Society of Cardiology & the North American Society of Pacing and 638733J MHXXX10.1177/1557988316638733American Journal of Men's HealthBehbahani et al.
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1 Islamic Azad University, Garmsar, Iran 2 Islamic Azad University, Tehran, Iran 3 Shahed University, Tehran, Iran 4 University of Coimbra, Coimbra, Portugal Electrophysiology, 1996) . Poincaré plot analysis of RR enables displaying information about beat-to-beat variability and autonomic control of the HR in a compact visual format, which is easy to read. Two standard descriptors of Poincaré plot, namely, SD1 and SD2, are commonly used in the nonlinear analysis (Bergfeldt & Haga, 2003; Brennan, Palaniswami & Kamen, 2001; Brennan, Palaniswami & Kamen, 2002; Guzik, Piskorski, Krauze, Wykretowicz, & Wysocki, 2005; Tulppo et al., 2001) . SD2 is a measure of long-and short-term HRV, and SD1 is a measure of short-term HRV. Moreover, the combination of SD1 and SD2 provides additional description of Poincaré plots. The S value corresponds to the area of the imaginary ellipse on the Poincaré plot; the SD2/SD1 ratio has an analogy with the LF/HF ratio from the spectral HRV analysis. There are reasons to postulate that S illustrates the total HRV and the SD2/SD1 ratio describes the sympathovagal balance (Guzik et al., 2005) .
There are a few reports on gender-related differences in cardiac autonomic tone. In healthy subjects, using short-and long-term recordings, a predominance of parasympathetic over sympathetic tone was found in women, and vice versa in men (Evans et al., 2001; Rossy & Thayer, 1998; Ryan, Goldberger, Pincus, Mietus, & Lipsitz, 1994) . It was also demonstrated that the genderrelated difference in parasympathetic regulation diminishes after the age of 50 while sympathetic dominance in men disappears significantly later (Kuo et al., 1999) . A higher vagal tone in women may protect them against fatal arrhythmias and sudden cardiac death and potentially explains their lower risk for these conditions compared to men (Kuo et al., 1999) . Sympathetic responses predominate during most seizures, causing tachycardia, tachypnea, increased blood pressure, and pupillary dilatation. From infancy to adulthood, complex partial seizures of temporal or extratemporal origin often lead to sympathetic activation. However, ictal parasympathetic activity or sympathetic inhibition can predominate, causing increased salivation, gastric acid secretion, reduced heart and respiratory rates, and decreased blood pressure (Kannel, Wilson, D'Agostino, & Cobb, 1998) .
Partial and generalized epilepsies, which are two prevalent types of epileptic seizures, alter autonomic function during install, postictal, and intellectual states. All aspects of autonomic function can be affected, including the parasympathetic, sympathetic, and adrenal medullary systems. Autonomic changes are the most common symptoms of simple partial seizures but may go unrecognized. Seizures typically activate sympathetic nervous activity, increasing the HR and blood pressure, although parasympathetic activation or sympathetic inhibition may predominate during partial seizures. Seizure-induced cardiovascular dysfunction, pulmonary edema, postictal depression of autonomic respiratory reflexes, and cardiovascular function may contribute to SUDEP (sudden, unexpected death in epilepsy; Devinsky, 2004) . Moreover, several studies suggest hemispheric lateralization of autonomic cardiovascular control. The right hemisphere may predominantly modulate sympathetic tone, whereas the left hemisphere modulates parasympathetic tone (Van Buren, 1958) .
According to the reported results of existing research, no study has explored the influence of gender on the HRV of epileptic patients. There is some evidence confirming the right hemispheric lateralization of sympathetic cardiac control in epileptic patients (Mandic et al., 2010; Mayer et al., 2004; McKee & Bodfish, 2000) . Therefore, the primary goal of this study was to investigate whether there is any different behavior in HRV of epileptic patients based on their gender. In the current study, the lateralization of epileptic seizures, which may have influenced HRV indices, was considered in both groups of males and females. Left-and right-sided males were compared to left-and right-sided females, respectively.
The long-term goal of this study was to provide an algorithm to predict epileptic seizures based on HRV. Therefore, as much as possible, factors that may contribute to the success of these algorithms have been studied (Behbahani, Dabanloo, Nasrabadi, & Dourado, 2015; Behbahani, Dabanloo, Nasrabadi, Teixeira, & Dourado, 2012 , 2013a , 2013b . In previous research, the behavior of HRV was evaluated in different periods from 90 minutes to 5 minutes before the onset of the seizure (Behbahani et al., 2013) . The results showed that segments closer to the seizure represent a continuum of increasing sympathetic dominance over those segments away from it. Increase of sympathetic and inhabitation of parasympathetic function occurs in most epileptic seizures regardless of the type of epilepsy, especially in the 5 minutes before the seizure. Thus this period is highlighted as a target interval in the current research.
Materials and Method

Data Description
One-lead electrocardiogram (ECG) recordings of patients with pharmacoresistant focal epilepsy were compiled as a part of the EPILEPSIAE project (Teixeira et al., 2011) . Long-term, continuous electroencephalogram and ECG data were managed in this database as a joint effort in three epilepsy centers including Portugal (Coimbra), France (Paris), and Germany (Freiburg). The data include standardized annotations. The sampling rates of the data were 256 Hz, 512 Hz, and 1,024 Hz and filtered for the line noise of 50 Hz. Table 1 lists the clinical features of epileptic patients.
In the current research, a total number of 232 seizures from 24 patients were selected for the HRV analysis. The patients composed 12 males with the mean age of 47.58 years (SD = 5.97), and 12 females with the average age of 50.91 years (SD = 8.07). All cases included the electroencephalogram signal to confirm the seizure onset. As there is some evidence that lateralization of epileptic seizure might have effects on HRV, the authors made the balance between right-and left-sided seizures to avoid the possible effect on results. The primary criterion for selecting these patients was based on analyzing the HRV during the day and night. As HR variables have different values during the day and night, only patients with day seizures were selected. Even the seizure-free HRV segments were chosen for the day parts of ECG recordings.
Statistical Analysis
The results are presented as mean ± standard deviation and percentages. The differences of all variables between males and females were compared with paired sample t tests. Statistical analyses were performed using IBM SPSS Statistics Version 19 (IBM, Armonk, NY), and differences were considered statistically significant at p < .05 and p < .01.
Results
The data consist of two sets: seizure-free and 5 minutes before the seizure. The seizure-free intervals were randomly selected within 4 to 5 hours before the onset of seizure to ensure they stay far from it.
Peer to peer comparison of both groups showed that independent of being left-or right-sided, all HRV indices had greater percentages of changes in males rather than in females (Tables 2 and 3 ). The results are presented separately for left-and right-sided seizures in males and females. Results are reported in Figure 1a As reported in Figure 1d (left), SD2/SD1 showed a lower ratio in males than in females. A higher SD2/SD1 ratio might reflect a decrease in SD1, an increase in SD2, or both. In the present study, the SD2/SD1 ratio increased from 1.09 (0.41) to 1.59 (0.54) in males and from 1.02 (0.46) to 1.37 (0.34) in females, which indicates a rise by 50% in males and by 34.31% in females with left-sided seizures. Finally, the S value shows a decrease of 5.19 (1.2) to 2.57 (0.5) in females and 4.21 (0.93) to 2.01 (0.72) in males with left-sided seizures. This result shows the decrease of 52.25% in males and 50.48% for females.
In Figure 1a , b, c, and d (right parts) the same indices are reported in the right-sided seizures of males and females. Mean HR increased from 70.21 (2.3) to 125.03 (11.4) beats/minute in males and from 77.51 (5.3) to 117.53 (6.4) beats/minute in females with right-sided seizures ( Figure 1a [right] ). This result represents the increase of 78.08% and 51.63% in HR of males and females respectively.
The RR intervals decline from 831.22 (50.23) to 501.47 (40.24) in males and from 801.45 (51.33) to 538.47 (45.94) in females, which shows a 39.67% and 32.81% decrease in males and females, respectively ( Figure 1b [right] ). The SD of both groups increased in episodes close to the seizure. The LF/HF ratio shows the increase from 1.34 (0.31) to 2.34 (0.23) in males and 1.18 Note. CP = complex partial; SP = simple partial; SG = secondarily generalized; UC = unclassified; R = right-sided; L = left-sided; T = temporal; F = frontal; SD = standard deviation.
(0.2) to 1.89 (0.58) in females, which displays the increase of 74.62% in men and 60.16% in females with right-sided seizures ( Figure 1c [right] ). The SD2/SD1 increased from 1.33 (0.24) to 2.13 (0.13) in males and from 1.13 (0.23) to The statistical analysis was applied to both groups of males and females regardless of them being affected by a right-or left-sided seizure. The intent was to recognize the difference between the HR parameters in two genders. Similarly, the LF/HF ratio shows an increase from 1.3 (0.37) to 2.1 (0.32) in males and from 1.12 (0.24) to 1.63 (0.45) in females, which is equivalent to 61.53% and 45.53% of the increase in males and females, respectively. The SD2/SD1 increased from 1.11 (0.32) to 1.81 (0.33) in males and from 1.14 (0.34) to 1.76 (0.26) in females, which means this ratio has an increment of 63.06% in males and 54.38% in females.
The percentages of increase of other indices LF and SD2 were apparently greater in men rather than in women (Table 4) . Additionally, the HF showed more increase in females, which implies that parasympathetic activity has a bigger influence in females rather than in males. Figure  2 illustrates the percentages of changes in males and females in the transition from the seizure-free episode to 5 minutes before the seizure. The RR intervals (ms), SD1, and S values were decreased in the 5 minutes before the seizure, and the amount of reduction was higher in men. All other indices had increased. Except HF value that had Note. HR = heart rate; RR = R-R intervals; LF = low frequency; HF = high frequency; SD = standard deviation. Paired sample t test. *p < .05. **p < .01. 
Discussion
HRV is considered as a marker of cardiac autonomic function and an index of cardiovascular disease. Before any discussion concerning the results obtained in this article, it is better to make a brief review of some of the physiological differences between men and women. In healthy subjects, the HR of men is lower than that of women because the size of the heart in men is 25% larger. The larger heart can pump more blood than the smaller heart, in one beat. Another reason for men to have a lower HR is the capacity of their lungs, which is 25% to 30% higher than women. Women not only develop cardiovascular diseases at older ages than men but also live longer, as higher HR fluctuations have not been reported in females (Bradshaw & Thompson, 2007; Hamm et al., 2011) . Factors including age, body mass index, alcohol consumption, cigarette smoking, and even ethnicity can affect autonomic function. Mentioned factors lead to different HRV in both groups (Choi et al., 2006; Elsenbruch, Harnish, & Orr, 1999; Hogarth, Graham, Mary David, & Greenwood, 2009; Kuo et al., 1999; Moodithaya & Avadhany, 2012; Palisso et al., 1999; Regitz-Zagrosek, Lehmkuhl, & Weickert, 2006; Tanaka, Kimura, Goyagi, & Nishikawa, 2004; Uusitalo et al., 2007) . In the current research, the focus was on possible effects of gender on HRV and autonomic dysfunction in epileptic patients. Heart rate dynamics were analyzed during 5-minute segments of continuous ECG recording in middle-aged epileptic patients (41-65 years old) in an equal number of male and female subjects (n = 12). As previous research had confirmed the effect of lateralization on control of autonomic function, subjects were selected equally from the side of lateralization to avoid its impact on the results. In the first step, the comparison was made, with a focus on lateralization, and then it was made between males and females regardless of them having right-or left-sided seizures.
The current results showed that the greater percentage of change in HR indices from seizure-free episodes to 5 minutes before seizure including HR, LF, LF/HF, SD2/SD1 were apparently greater in men. HF indicated a higher percentage of change in the transition from seizure-free with the pre-actual status of women, which represents the lower sympathetic influence on the HR of females compared to males. Being right-or left-sided seizure, the HRV fluctuations in the pre-ictal segments were smaller in women than in men. Statistical analysis showed that sudden increases in HR indices in the episode of 5 minutes before seizures were higher in men with or without a focus on lateralization of seizures (p < .01).
The reactivity to increase the HR, LF, LF/HF, SD2/SD1, and decrease HF were more prominent in right-sided patients (males and females). Indeed, both males and females with right-sided seizures have significantly higher HRV fluctuations related to their baseline values (p < .01) as compared to the left-sided group. This finding supports previously noted lateralization differences in autonomic cardiovascular control of epileptic patients (Mandic et al., 2010; Mayer et al., 2004; McKee & Bodfish, 2000) .
The standpoints on gender-related differences in HRV are diverse in the literature. The discrepancy between the studies may be partly due to the different experimental variables and conditions. Some research reported that men have larger LF than women, but they have similar HF (Bigger et al., 1995) . There is another report that shows that men have higher LF and LF/HF but smaller HF (Montano et al., 1994) . Later studies indicated that HRV for all time-domain measurements is lower in women, especially at the age of 50 or below. They believe the level of parasympathetic activity is lower in younger women (Umetani, Singer, McCraty, & Atkinson, 1998) .
The results obtained for middle-aged epileptic patients conform to some previous reports (Huikuri et al., 1996; Park, Lee & Jeong, 2007 ). In the current study, regardless of having left-or right-sided seizures, men exhibited larger LF/HF, LF, and HR than women in pre-ictal phase. However, women had the higher HF in pre-ictal phase (p < .01). Although both groups show the increase or decrease of HRV indices in pre-ictal phase, the percentage of changes are greater in males, which confirms the considerable influence of sympathetic activity in males as compared to females. The sympathetic dominance of males could be demonstrated by LF/HF and LF in different age stages.
Another aspect of gender-related differences of HRV in epileptic patients that can be considered is SUDEP. However, it is not yet ascertained whether there are sexrelated differences in the incidence of sudden epileptic death (Lhatoo et al., 2001) . Even though sex-related differences do exist, it is yet to be known whether this syndrome is the outcome of central apnea or rather of central autonomic deregulation (Langan, Nashef, & Sander, 2000) .
The presented results showed that in analyzing middleaged epileptic patients in the current research, autonomic activity was higher in men compared to women with both right-and left-sided seizures. It can be explicated that male epileptic patients have an overall higher sympathetic drive, which might lead to greater susceptibility to fatal arrhythmia, coronary artery disease, and other cardiac disorders (Schwartz, La Rovere, & Vanoli, 1992) .
The current results indicated that the sudden increase in HRV in men was significantly higher than in women. Some reports had emphasized that most of the patients with SUDEP show symptoms of tachycardia with the sudden increase in HR. Therefore, the results obtained in this study can strengthen the hypothesis that being a male is a risk factor of SUDEP and reduced LF power in women could protect them against cardiac disease and arrhythmia.
Some of the limitations of the current study should be investigated. The main limitation was a small number of subjects due to the rarity of matched epileptic patients. The specific nature of the heart and influence of the circadian cycle on HRV implied that several factors should be considered to avoid possible effects on the results. Although more data were available, finding subjects that have similar characteristics such as the type of seizure, lateralization, age, and gender that have similar circadian times for seizures was a blocking factor. Therefore, the results of the current research could not be generalized to other age-groups due to the small number of evaluated subjects. Another limitation was the lack of knowledge of some factors that could affect the HRV. The type of medication used in patients and the family history of cardiac disease were missing links in this research.
Conclusion
To summarize, this article describes that in the pre-ictal phase of epileptic patients, gender difference in HRV has an impact. The indices of HRV indicate that vagal activity significantly differed in men and women with right-and left-sided seizures. The results reflect a higher sympathetic activity in men, especially with right-sided seizures. Cardiac autonomic modulation, which is determined by HRV, is significantly lower in epileptic women. It is presumed that this may provide protection against arrhythmia and SUDEP in epileptic women. Awareness of gender differences in pre-ictal HRV not only can provide a better choice of treatment for patients but also can be an important factor in the success of the epileptic seizure prediction algorithm.
Other factors that might have an effect on HRV such as body mass index, alcohol consumption, cigarette smoking, and so on were not recorded in the database. Therefore, it cannot be concluded that the increase or decrease of HRV indices is the only effect of decrease or increase of vagal activity. Furthermore, there was no information about the subject's lifestyle, such as quantification of exact physical activity or the exercise capacity of the participants. Even moderate levels of physical significantly affect HRV.
To eliminate the confounding effects of aging and circadian changes in HRV, only middle-aged epileptic patients with only daily seizures were selected. Future studies should consider gender-related differences of HRV in other age-groups of epileptic patients as there are increasing reports that women and men undergo marked autonomic changes in different age stages. Due to the small amount of data examined in this study, more subjects should be examined. Seizures occuring during sleep and nighttime could be topics for evaluation in future works.
